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Photo 1. Hills«Beach, Biddeford. April 29, 1954. Tide 1.8

feet above mean low water.



U, 8. ARMY ENGINEER DIVISION, NEW ENGLAND
CORPS OF ENGINEERS
42}, TRAFEIO ROAD
WALTHAM 5l;, MASS.

NEDGW 27 July 1961

SUBJECT: Bsach Erosion Control Report on Cooperative Study of
Bills Beach, Biddeford, Maine

TO0s Chisf of Enginsers
Department of the Army
Washington 25, D. Co

SYLLABGS

The purpose of the study is to determine the best method of
restoration of protective and recreational beaches and protection of
shore properhy.

The Division Engineer finds that erosion has resulted in logs of
sandy beach and exposure of bluffs, sea walls, shore.rcad, cottages and
residenceg to damages from wave attack during storms., He alsc finds that
due to the private ownership of the shore and the lack of public benefits
as required by Public Law 826, 8ijth Congress, Hills Beach is nob eligible
for Federal assigbancs in the construction of protective worksg.

The Division Engineer has developed a practicable method for proe
tecting and restoring 5,L00 feet of Hills Beach adjacent to the Saco
River South Jetty consisting of widening the beach by direcht placement
of gand fill and raising the inshore snd of the jetty. He has also
developed alternative msthods of protection consisting of construction
of wiprap revetmenis.

The Division Enginesr rscommends that no project bs adopied by
the United States and thal protective msasures which may be undertaken
by local interests based upon their determination of economic justifie
cation be accomplishsd in accordance with plans and mebhods considered
in his reporb.
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BEACH EROSTON CONIROL REPORT ON

COOPERATIVE STUDY OF HILLS BEACH, BIDDEFORD, MATNE

PART I ~ GENERAL

1o Authority. - This study was made by the Corps of Enginsers,
United States Army in cooperation with the City of Biddeford, Maine
under authority of Section 2 of the River and Harbor Act approved
3 July 1930 as amended and supplemented. The formal gpplication for
the study dated 13 Decsmber 1958 was approved by ths Chisf of
Enginesrs on 16 January 1959,

2o Purpose. Ths purpoge of the study is to determine the besb
mothod of rastoration of protective amd recreational beaches and
protection of shore property.

3. Prior Raporizs. There has been no pricr report on baach
erosion control for Hills Beach, A cooperative bsach srosion control
study of the sghore of the adjacsnt City of Saco has besn made, The
report on this study svbmitied by the Divisicen Engineer, New England
Division on 5 October 1955, was printed in House Document Ne. 32,
85th Congress, ist Session, It was concerned primarily with ercsion
of the Saco shoras bub it conbtaing general informztlon shout facbors
pertinent to erosion of Hills Basach. Numerous preliminary examiinge
tion and survey reporis for ravigstion improvements of Saco River
and the Pool at Biddsford, Wood Lsland Harbor, losated adaacan’ﬁ to
Hillg Beach, have also been mada,

e Degeripbione Hills Beach iz located in York Coun:by, Biddeford,
Maine at the soubh and of Saco Bay., It ds adjacent to and extends
gbout 7,500 fset southeastward from ths south jetty at the Sace River
entrance o the entrance of The Pool at Biddeford., The sast end of
the beach borders Wood Island Harbor, an offshore body of water shele
tered by & smali group of islands. 4 sandy shore borders Saso Bay
north of the SBaso Riwver along Camp Eilis,; Ferry Beach, Bay View,
Kinnay Shores, Ocsan Park, 014 Orchard Bsach and Pine Polnt. The
location is shown on United States Coast and Gecdetic Survey Chart
Noze. 231 and 1203, on United Stabtas Geologic Survey topogrephic Quade
rangles for Biddeford and Biddefoprd Pool,; on Plate Ne, 1 and on
Photos 1 to 7, ~

5. The canters of the clitles of Biddaford snd Saco are located
on opposite sides of ths Saco River about 4 miles upstream .:E’rom Hijils
Beach, Thsy are served by the Boston and Maing Railroad. In 1960



they had populationsof 19,255 and 10,515 respectively. The cities
congtitute ths largest industrial, commercial, banking, shopping
and gervice trads cenber in York County serving the large summer
resort areas of Wells, Kennebunk, Kerawbunkport and Old Orchard
Beach,

6e Hills Beach is privately owned and occupied by about 200
summer cottages and year round residences. It is accegsible over
State highways and local roads. Hills Beach Road runs through the
entire length of Hills Beach ard is clesely bordered on both sidses
by the beach development. The besach is a sandy barrier bar varying
from 200 to 1,000 fest in widbthe Thers are marshes behind the
northerly half of ths beach and an almost compleiely enclosed body
of water known as The Pool behind the southerly half. The south
end of the beach is characterized by outcrops of bedrock both on
and offshore, Sanitary tests of shore water made during 19h6
showad a B, coli count of up to 50 per milliliter Aindicating that
pollution doas oceur, _

T Statement of the ProblemI provements Dasired, The
problem consists of erogion and loss of the sandy beach and consew
quent exposure of cottages and residences bordering the shore o
dansges from wave atback during storms. Serious and costly damages
~have occurred to sea walls and bulkhsads., Local interests want to
determine the csuse of erosion and the best methods for prevent.:.ng
‘ite They feel that ercsion is assceiated with the condition of
“the south jebty at the Saco River enmtrance. They claim that the
erosion has occurred following subsidence of the jetty and they
desire to have this structure repaired and raised. Thers have
been no public hearings. Meetings and inspection were held on
27 February 1958, £9 April 1958 and 26 Jamuwxy 1960 before and

during comiuct of the study. They were szittended by representatives
of the Beach Erosion Beard and the Divigidn Engineer, & Staie
genator, the Mayor of Biddeford, city officials and officers and
menbers of the Hills Beach Association.

PART IT . FACTORS FERTINENT TO THE FROBLEM

8. Geomorphclogy. Hills Bsach, situated on ths southexrn head-
land enclosing Saco Bay, comprises the north arm of a wave-~bullt,
partizlly bedrock contrciled double, or cuspate, tombolo which pros
Jeots eastward from the meinland south of the Saco River mouth to a
volcanic and granibic island thinly vensered with glacisl till, The
igland, Biddeford Pool, liss almost 2 miles from the rock mainland



Photo 2. Hills Beach, Biddeford. February 28, 1961.
Erosion along northwest end of beach. Saco River
jetties in background.

Photo 3.

Hills Beach, Biddeford. February 28, 1961.
Eroded bluff along northwesterly end of beach.

o

Photo 4. Hills Beach, Biddeford. February 28, 1961.
Riprap and low walls along central portion of beach.




Photo 5.

Photo 6.

_I_fhoto 7.

Hills Beach, Biddeford. February 28, 1961.
Northwest from Basket Island tombolo.

Hills Beach, Biddeford. February 28, 1961.
Riprap and timber bulkheads protect low road
and cottages along shore opposite Stage and
Basket Islands.

Hills Beach, Biddeford. February 28, 1961.
Riprap and timber bulkheads protect low road
and cottages at rocky east end of beach.



epd is the largest of several islands wiich appsar toe owe their oRe
istence above sez level €6 the predomingncs in thelr somposition of
voleande rocks which are registant to erosicn. The abbltades of -
the rock beds direstly conbrol the sbape of Biddeford Poole Anbie
clingl closs Pelding, crushing, end faulting of the west end of ihs
island resulied in a depression in the rock which admits the sasa
dnta UThs. Pood® or lagoon enclosed by the tonbolo arms.

9. The geaward end of Hills Besch terminates on the smaller
outlying sogment of rock wesit of the strudturdal breache The land
end of Hills Beash terminstes on bedrock forming the southern edge
of the Baco River mouthk, The Baco RElwr soulk jetty anchors the
beach a bib seaward of axpessd bedrock sul, teken In conjusetion
with the riverts gtrong btldal fiow and a higher Jetty north of the
river mouth, provides & barrier do Libbarad drdlft from the north.
The origlnsl sources of send Lfopr the (ld Orchard Bsack barvier
baach of wihtich Hllls Boach mey bs regurded as the sxireme southern
extension are of historicsal lmperdance onlye Cld Orohsyd and
Oesan Park Besches lia roughly bebwsen Blidsford Pool and Proula
Neck, the latier 2 cuspebte tombolo commseting to a Jerps reck lsland
whiph forma the northsrn headland of S8ace Bay. The stratch between
Prowts Neck amd ths Biddeford Pool tombolos ig an offshore har
fronting marshy drainage areas both north snd gouth of & rovk cone
trodled hill whish, et Qld Orchard, btenpenbislly appreaches the
offghore beach bare Thick ssod twrraces which flapk this hill may
have supplied lerge quuntiiles of the sand comprieing the ovdglnal
femile long beseh bar. Heavy ervosion of formsr mantle on both
Prouts Neck axd Blddeford Pool hesdlamis, plug bthe erosion of
formeyr islands within S8aco Bay aleo must hawve conbributed signifi
cantly to the orlginal meteriels of the bar. The Saso Bay ared in
offset, ab prosand, ls well-ccufined pocbebly weilber losing nox
goining much material pasd the headlands. 4 considersbls retarding
offect st Hills Boash axists, however, lv that the beack is beld by
rock anchorg ab bobh ends betwsen whish e sffuctive inrved of
wave sobion ig congiderably ddminished hecause refractive dsmpliog
involving a substentliel loss of energy is required for wave £0083S.
Congiderable protectlion againet inshors progression of mearshore
botbom contours 1s afforded by the rslabively resishant rock, i1l
and gravel islasds juat offshors,

10 ILithboral Mobesrialse. The cheracter of Iibioral maberdals
vas determinwd by mechanical analysis of beach and nsarshors samples.
obtained on Profilss 3, & and 9, The resulis sre shown in btabular
form in Appendix A. Mabterials cemsisbed pelncipally of fius and

- madion sands. Finsgh sarmples were obbained on Profils ¥ and cosrsesd
semples on Profils 6. Aversge median dismeters were D.il, C.%0 and




De31 mm on Profiles 3, 6 snd 9 respectivaly, Glaciel materials have
constbibuted the principal source of beash meterlals. Erosion of
these deposits and their transportation by litioral currents as
littoral drift has contribubed to the formation of the beaches.
Thers are no evidant sonreas. ohlwyr than the existing beachws which
now conbribute axyapprecisble smount of material Yo littoral drift,
The charactar of nearshore:materdal wes investigated by means of
probingse The locations and resulbs are shown on Plate 3. Probings
indicate that sand overliss rock in the uearshore area,

1l Littoral Forcase .

a. Wavege - Waves approach the shore of Hills Beach from
the northeast o east across the Atlantic Ocsan and the Gulf of Maine.
The jettiss at the Saco River entwrance provide sheltar from waves from
the north. A group cf small islands paritially shelier the shore fyrom
wavas from the northeast to east. The shore liss in the les of the
mainland and of Fletchers Neck locabed do the wast and south, The
fatch aeross the GUIL of Malne to ths northeast is limibed to spproxi-
mataly 200 milee by Nova Scotise. The feteh across the Atlantic Ocean
to ths eagt is not limited. No wave mpasursments are aveilabls,

A hindecast wave sbtudy based on gynoptlc weabther charts for locabions
off Penobscot Bay, Maine and Navset Beach, Cape Cwd, Masgsachusatts
has been made by the Beach Erosion Board. Wave roses bassd on data
from the study are shown on Plate l. They indicate that wavesg of
the grestast duration and hem,gh‘ts ooy feom the east northsast and
easte

be Currenbz. - Tidal currsnts aimng the ccast flood to the
north and sbb ¥o the south, Tidel cwrrents flood into and ebb oub of
the Saco River and The Pool through Saco Bay and Wood Island Harbor.
Additionsal information on currents is included in Appendix C. ‘

Ge Windge ~ Rocomds of the United Sitatss Weathsr Burssu ab
Portland, Maine for the ten~year period October 194 to Septembar
1959 show that the prevailing winds blow offshove from westerly direce
tionz and the durstion of onshors winmds is longer from bBha noritheast
than from the southeast quadrants A wind diagram based on the sbovs
obsgrvations is shown on Flate 1. A tabulatsed summary of the cbsgervom
tions snd mors deteiled descriptlons ars included in Appendix B.

de Storms, - Records compiled from the United States
Wegther Bursau at Bosbton for the THeyear pariod 1870-19k5, inclusive,
ghow that there hag heen a high prepomderance of northesst storms.
The storms wsre major disturbances often of several days durabion
accompanied by rain or snow, high tides, sheore inmundstion, batitsring
of sea walls by wave abback, washing and blowing of debris and samd
onto ceagbal roads and damagss to low~lying shore developments.
Detallsd sborm wind recomis are shown in Appewndix B.

L




" g, Tideg. = The tides ab Hills Beach are semidurnal. The
mean range at Weod Island Harbor, adjacent %o the beach, is 8.7 foet
and the Spring range is 9.9 feet, Tide records at Portland, Maine
show that on an average tides excsed the plans of mean high water
approximately as follows: by 1 foot or more 116 timss per year; by
2 feot or more 19 times per year; by 3 feet or more once a year.

The maximum tide height of L.3 feet zbove mean high water was ob-
served at Portland on 30 November i9hl and 20 November 1945.
Detailed informabtion is included in Appendix G,

12. Shors History. = a. Shoreline and Offshore Changes, -
Shoreline and offshore depth charges sre shown on Plate 2. Changes
during the period of record have varisd slbernately botwsen aceres
tion ani recession, The amounts of changes determined from surveys
of 1859, 1871, 1913, 195k and 1960 are tabulated bslow: Changes
from other surveys are also included on Plate 2.

High Water Shoreiine Charges (1859-1960)

Shore Location (Meagsured from

Period inshore end of Scuth Jotiy) Change
1859-1871 600 o 1200t North Acerstion Q=50°¢
6001 North bto 25001 South Recggssion 0=1501
2,500% o 27007 Soubh Azergtion 0=3001
1871-1913 800t North Ho 25001 South Locrstion O-3501
2,500 60 42001 Scuth Recession 0=1001
1913-195L 3501 to 1000 Nowbh Erogion 0w2001
3501 Nowth te 4001 South Accretion 0-120!
oot to 32007 Soubh Erogion 0=1001
3,2001 o K100 South Aceretion 0-2001
19541960 2001 to 800t North - Acorstion 0-200!
200% North o L60CT Soubh BEroaion 0-100t

The large amount of sceretion bebween L1671 and 1913 is atbribubtable
to impounding of material by the - south jetty following initiation of
ibe construction in 16%1l. Ths net result of shereline changes from
1913 to 1960 comsisted predominantly of resession with some accretion
. at or north of the soubth jeatty. The net resitlt of all shoreline
changes from 1871 to 1960 consistsed of acsration of aboub LO0 feet at
the south jotty and siong approximately 400 feet of shore north of it,
This accrebion decrsaged gradually along 1,200 fset of shore south
from the jetty. From 1,200 %o 3,800 fueet soubh of the Jatby shors
ling changes consisted of recession gemerally of 50 to 75 foet.

5



Offshore depth chengss bstween 18TH and 1923 consisted generally of
shoaling and seaward movement of the 12 amd 1l8-foot depth contours
while in the wvicinity of the &-feob depth, changes consisted frregu=
larly of dsepsning and shoaling. The principal deepsning occurred in
the lecation of Profils T. The suwrvey indicabtss that additional
deepening occurred since 1923 in the location of Profiles 6 amd T,

be Priovr Corrective Action and Existing Structures. « Pro=
tective structures have been bullt by privabs properiy ownsrs in
front of cobbages and low sandy bluffsz locabted sloss to the shors,
They consist of timber bullkheads, rubble masonry, conerats and dry
stone walls and riprap revebmeni., Structures are discontinucus, pro=
tecting individusl properties or swall groups of properbtissge. Riprap
revetment and dry stons walls have baen used for protechion of shorb
segmantes of Hillg Beach Road along the east end of the beach. 4 long
stone jetty comstructed by the United States as part of & mavigation
improvement exizts at the wesd end of the beach at the meunth of the
Saco River. This Jetty was built from 1891 to 1912 to a lengbh of
5,100 feet. The authorized Federal project provided fox a top slge
vation of 5.5 feet zbove msan low wabter, top widbth of 10 feet and
gide slopes of 1 on 1. A mors deteailsd dsseripbion of this Jebty
and of another parallsl structurs ab the north sids of the Saco River
mouth is included in Appendix D. Dus bo ercsion of the fronfing sand
beach many of the gtructures fronding privale propesrbies havs been
axposaed to wave abtack and soms are in & state of disrepsiv. The
Saco River scubth jJetly resulted in considersble socration afber 1lis
congtruction. It is presently ln & deltoricrated condibion due to
settlement and displacement of stones and therefore not very effecs
tive as e barrier to Llbthoral dirifi.

o Profiles. - Profiles ware surveysd a% sslected locations
as shown on Plate 3, Plots of the profiles ars incliled cn Plates L
and 5, Beach slopes in ths vicinily of and above mesan high waler vary
from 1 vertical on 3 hordzeontal te 1 on L7 with the most common slope
lon 9 to 1l on i0. Betwean mean aigh and mean low wabsr siopss vary
from L om 12 4o 1 on L3. DBelow low waber profilss arve gersrally
lsvsl, ‘

FART II1 - ANALYSIS OF THE FROBLEM

13. Shore Processes Pertinend 40 the Problem. ~ The loss of
beach material and damages bo shors strustirss ars caussd by wave
action. Waves approach the gshore from the northeast bo eagt swd are
refracted and diffracted around shelterdng Jebtiles, islands, shoals
and headiands resulting in a diverss movemend of Libttorsd drifb.

&



Northward movement of 1itboral drift along the north end of the beach
is evidenced by the large amount of aceretion which has occurred in
the vicinity of the Jebiy and the sdjacent shore of the river motth
norbh of it, Movement of material between Basket awd Stage Islands
ard Hills Beach is ghown by the exigiing submarine bonbolos. The
cuspate form of the bsach at the inshors end of the Basket Island.
tombole indicates alongshore movement of maberisl towards this point
from both directions. The exiensives offshore ghoals ars evidence of
offghors movemant of matorial. Matsrial also movaes landward parbtic-
ularly over low narrow pertions of the scutherly end of the veachs
There ars no apparent sxternsl sources of supply furnighing maberial
to the beach. The ralta of loss excesds the ralte of supply resulting
in recegsion of tha shors line and EXPUSUIS of ths exigbing devalop
ment to wave attask. The mogt repid ercesion and severssht damages
ars attribuvied to northeash ehborme and storms sccompanied by exbreme
high tides. Under present comlitiong it is probabls that srogion
and racession of the ghore will conbinus and the shore development
wilil becoms mors expoged o da.mgu% :

1. Mothods of Gowractmg Problem Gonditicne. = The rate of
supply of beach material can be incraased artificlelly by placing
sand directly on the bsache Probings indicate that there is a supply
of sand in the area directly ofishore within a practicable disbance
for placemant aleng the beach by the hydraulic dersdging processe
Suitabls material alse sxisbe in Ths Peol landward of the bsach and
in the Saco River aniranse. Widening of %hs bsach in Ghils mennar
would provids a large msssure of proweciion against wave albback.
Beduction of losses of beach metszrial from the problem ares can be
effacted by construction of barrisrs to its alongshore and landward
movement, Loss of beach materisl now transporited alongshore bowaxd
the river mputh can be reduced by ralsing the inshore end of the
axisbing jethy. This wouldd result in & veduction of the rate of
gupply of maberisl to the shors of the rivar mouth neorth of the
jetty, a beach which has gained JRC feeb In width singe 1BTL as a
regult of erogion and transport of meterizl from Hills Besach Yo the
southe This acoretion would sgass and pogsihly changs bo srogion,
in which event constructicn of protective works might be required
for protection of the recent regidential dewslopmesnt inm the arsa.
Logs of material landward over low sechicng of the beath and ghore
at and saght of the sast end of the beach widsning (see Plute 6) can
be reduced by raising the road. Armoring bhe shors agsingt wave
attack by congtruction of gseswalls, bullkhesds, or rgretmendts is an
affective method of probteciing eroding bluffe, low sesbions of the
shore rvad and the cobbugs devslopment. This latber method wewld
not conbribubte to the creaticn of g froniing beach bub it could be
used &z an altsrnebive to or to supplement the prodsetion that would
be provided by placsment of sandfill, Shors areas in locations whers
it iz not practicadle Ho place or hold a fronbing saod beach cen be
protectad with ripeap revetment,




15, Design CGriteria. - Propoged protective msasures are designed
to provide protection against ordinary comditions of comparatively
frequent occurrence (at least once & ysar). They are nobt intended to
provide complste protection in the event of hurricansg or exceptional
storms of infrequent ocourrence although even undsr these conditions
considerable protection will be afforded. The design of structures is
described in detail in Appendix E, Design Analysis.

ae Degign Tide, - The degign tide is the maximum expected to
occur once sach year. 1he slevatica of the desgign tids is 1l.7 feet
above mean low water.

b Design Weve. = The meximum height of the design wave was
determined from the relaticnship d/H=1.28 whers 4 is the depth of
breaking and H is the height of wave at breaking using ths depth at
or in front of the proposed structure at time of design tide as the
dapth of bresking., The height of the wave selected for design of the
propoged structure was modified based on experience and Judgment
taking into account the sheliering effect of islands, shoals and
jetties and the probable effects of refraction, diffraction and the
obliquity of approach of waves. The wave haight selected for design
of the jotty was 7.0 feet and for the revetment was 2.4 feat.

ce Siszes and Slopes of Stones in Structuras. - Sizes and
slopes of cap and slope armor stones for jetty or revatment congbruce
tion ars compubted using the Unitad Stabes Army Waterwsays Expsriment
Station formuls, Sizes of stones in the wnderlying bedding and filter
layers were based on succassive 1/10th ard 1/200%h redushions of the
welght of the armor stons.

L ds. Jatty. = The horizontal shore section sheuld ordinarily
have a top elevation nobt lower than the general helght of the berm of
the existing beach and s lsngbth not less than the berm width of the
anticipated beach. Expsrishce irdicates that the top elevation of
the jetty intended to block passapge of send should ba 16,0 feet abovs
mean Low waber. ‘

8. Sand Fill. - The bsrm slevation of the proposed beach
£ill is based on that ab sxisting beaches. The minimum width of the
fill betwesn the high water lime and shors strucbtures ig based on the
width found to afford protection in the area. Esbimabed voiumes of
£ills are baged on slopes similar 4o existing slopss but £illg can be
placed initially o a stesper slope and permibbed to take a natural
slope under wave gction. Based on these criteria the berm elevation
is approximately 15 feet above msan low water, the baach width above
mean high water in frombt of protective siructures is generally izg



fogt and £il1l slopez are 1 on 10 4o 1L on 30, Suitable sand for beach
£ille would have szize and gradabion characterigtics similer to thoss
of existing beach materials. For the purposs of detailed design of

the beach fill, the invegtigation of madsrisls on the beach and in

the proposed borrow arsas should be supplemented when plans and spece
ifications ars veing prepared,

PART IV - PLAN OF PROTECTION

16. Plan of Protection. - A plan of probsction snd vegtorstion
has been develcpad for approximately 5,000 fagh of beszeh adjasend to
and extending southeasgtward from the axisting zoubh Jeitby et the Saco
River entrancs. The plan congisbs of relging the inshors end of the
south jotly at ths Sace Riwver- entrance by lncrsasing its heighb and
meking it sand tight to prewnbt loss of beash material by northward
drifting inbtc tha yiver mouth apd widening the bsach generally tc a
125«foct width batwesn the high waber 1ine snd ths probaective struc-
tures fronting tha exisbing devwelopwant, The £ILL wouid protect tha
developmant sgaingt wava abbaclk, by digsipstion of wave susrgy.
Probings indicate that suibsbls raterisd for FI11l sxists in the
nearshore area of Weced Island Harbor. Past dradging regerds indicate
that suitable material exists in Biddeford Pocl. Samly mabterdal also
exista at the Saco River antivance. Conzideration wes given o
raiging both the inshore 330 fast end the inshors 520 faebt of the
jetty to a top alevetion of 16.0 fesb, with the bop thenes sloping
geaward on & 1 on 10 slops to moan high woter apd then om a 1 on 30
glopa to ibs intarsestion with the existing Jetby. The shovber
length would provids just enough impounding capecily to rebain the
£ill propoged to be placed directly adjscsnt 4o it and would theroe
fore psrmit pesssaga of any drifting materisl ovey lie bop ifado the
river mouth. Raising 5590 fsab weuld provide a 200-Food length of
impounding sameslty whick could heid drifting mebsrial for a number
of ysars., Matarisl so inpounded sould be uged as & sourss of borrow
for replenishing ths beach as It btscomes necsssary, thereby renswing
the impounding capscity of the sbrwbire, Ralsing the Longer seobion
of Jotty, deperdent wpon renswal of Ibz lmpowding capasiby, would bs
much more effsctive in reducing losgss of maberizl Jnbo ths river
mouth than the shorter oue, ths rvductions of loszes agtimsbed as
approximately 20,000 and 5,000 subie yurds per year, segpssbively.

In view of the mush larger, prevention of loss of maberial, ralging
the longer ssobicn of jJobbty appesrs warranted sven Shough 1% might
eventually wegult in ercsien of the adjissent shors of the river
mouth and the nesd for congbruction of works for ths probection of
the residential devaleopment in this ares. The plan for raising 550
feat of the inshors end of the Jjebiy, which with Lbs sleving ouber
section involves reconstruction of 700 fest of Jobly, wes therafors
selscted and is shown on Plate 6, Supplamental provestlon in 2ddie
tion to the fill, can be providad, if experianss indicates the need,
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by construction of sea walls, bulkheads or revetments, An alternie
tive methed of protestion, ingtead of the beach widening amd jetty
raising consisting of stone revetment has alse been consideraed.
Typical sections showing detalls of suibable types of revetments are
ghown on Plate 6, The shore southeast of the proposed £ill area
where placemsnt of beach £ill is unsultable dus to probable high
logsas can also be protected with shtone revetment placed zlong the
toe of existing timber bulkheads or along the seaward side of Hills
Beach Roade Protection egaingt overtopping can be provided along
low road gections by filling and reconstruction of the rosd at a
higher elevation and protection of the embankment with riprap revet-
ment.

17. Bstimales of Cost. = The first cost of the beach fill is
based on use of the hydraulic drsdging process. First costs and annwal
charges are baged on price levels prevailing during May 1961, 4n
economic life of 50 yesars is used in determining amortization charges.
An intersst rate of 3.5 percent has been used for ammual charges
which are all non~Faderal. The annuval maintensnce requirement for
baach £ill is based on the shoreline recession which cccurred duxding
the pericd 195L=1960 when it is egtimated that beach losses averaged
6 cubic yards per linear foobt per ysar. It is assumed that the prom
posed jetty raising will prevent lcsses along 1,500 fest adjacent to
the structure and will reduce the rate of logs sboub 50 percent along
the rest of the ghore, Hstimates of first cosbts and annuwal chlizrges
have been made for the enblrs plan invelving beach widening and
raising the inghore end of the jetty. Estimetes of first costs have
also been mads for a ong=fool Zlar.;g’bh of the albernatiwve typical stone -
revetment for seawall protactimn and for a ong=foot langth of the
- alternative typical stone revetment for bluff protecti Qfbe Egtimates
are as followss

@s BEubire Beach Widening and Jetbdy Ralsing Plan.

First Coals

Sardfiit, 29C,000 cu yds @ $L.3 $1:33,500%
Jetty ra@@%trmtﬁ_w@ 9000 toms stone @ PT.50 76,5008 -
Subbobal : 10,000
Engingaring and Degign 15,000
Sunbotal ?"%’;o‘“‘oo
Suparvision and Admindstraticn 35,000
Totel Firet Cosd $560,000%
Annal Chargss
Interast (005 x 560,000) 19,600
Amortization (00763 x 560,000) )15300
Maintenancs
Groin and jebty, 90 tons sbone @ $10.00 900
Sard £ill, 11,000 cu yds @ $1.5 16,500

Tobtal Avms 1 G’mz“g% $ 11,300
% Includes Contingenciss
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Alternative Plan

be Ons~Foot Length of Stons Revetment for Seawall Protection

First Costs

Armor Stone, 1 ton @ $7.50 $ 8.50%
Bedding stone, 1.6 tons @ $6.00 ' 11,00%
Filter gtone, 0.3 tons @ $L4.50 Lo 50%
: Excavation, 1.7 cu yds @ $1.00 ' 2 6004
S‘abt@‘bal ‘ 2800

Engz.neermg and Design ' 1,00
Subhotal 27.00

Supervision and Administration 2400
Tobal First Coss $ 29,003

# Includes Contingencises
“Alternabive Plan

c. Ono-Foob Length of Stons Revetment for Bluff Protechicn

First Costs
Armor stonss leb tons @ $7.50 - : $ 1h.00%
Bedding stons, 2.6 beng @ $6.00 18,004
Filter s“bona, 1e& bons g $41050 gogg:
Excavation cu yds @ $L.OC .
? Subtobal §T2. 50w
Enginearing and Design ‘ : o le30
) Sﬁbb@b@l 30 @
- Supsrvision and Admindstration 3,50
Tobad First Cost To

# Includes Contingencises.

18: Benefibts. - Benefits have nob basn svaluated for the pro-
posed project since the bemefits 4o be derivsd are principally private
and not of a type to make the projsct oligibls for Federal aid under
oxisting PFederal policy. Privabte bvensfibe conzlst of prevention of
direct damages which now ococur ag srosion of beach and backshors arsa,
and damages to shors structures and buildings. FPrivate bansfibs would
also result by inoreage of the sarning power cor valus of shore land,

The proposed raising of the inshors eni of the gouth jebtbty woudd also
rosult in a public benefit by impounding sand which now drifts inte
the Saco River entrance and contribubss to shoaling of the Federal navie
gation chammel., Dus to the limited amount of navigabion and the shallow
draft of vessels using the chamnel, little meintsnsnce is reguirede The
benefit to be derived from reduction of the shealing is therefore small.
It consistz of a part of $3,000, the presently estimated snmwal mainben-
ance cost of the enbtirs Fsdersl navigabtion project, of whish the entrance
channel is bub a small part.
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19, Apportionment of Cozte = Public Law 826, 8lth Congress,
astablishad a policy of Tederal aid for restoration and protection
against arosion of the shoreg of the United States, its Terrvitories
and possessions. In accordance with this policy, private shores
are eligible for Federal asgistence if there is a benefit such ag
that -+ arising from public uss or from the protectlon of nearby
public property or if the benefits to those shores are incidental
to the project, The study area consists of privately owned shores,
improvement of which would mob rssult in significent public benefits.
All egtimated cogbs ars therefors apportionad as non~Fadersl costs,

20. Coordination with Other Agemcﬂ.e o = Coordination has been
maintained with the cooperabting agoncy, the City of Biddsford,
through the Mayor. Officials and membars of the Hills Bsach
Association have besn comgulted. The Mayor was invited to furnish
commends on the findings of the study. The views of the Faderal
and State fish and wildlife agencies have been regqussted concerning
agpecte of the study pertaining to their interesis.

2)le Comments of Local Interests and Other Agencies. ~ The
Maine Department of 9e6a and ‘Shore Fisheriss advised that an invesw
tigation discloges no adverse effact on the fishing interests,
The United States Fish and Wildlife Sarvice submitied a report
prepared in cocperation with the Maine Department of Iriand Figh-
eries, Sesa and Shore Fisheries and the Bursau of Commerscial
Fisheries. The report abiributed important wildlife wvaluss to
the large triangulayr offshors area furmsd by the Ssco River South
Jetty, Hills Bsach ard Stage Island associabed with its use as a
feeding habitat for waterfowl. %The Pool® behind Hillg Beach also
receives soms waberfowl use bub this is not a gignificantly impore
tant area. The mouth of the Sace River iz nob important from a
waterfowl standpoint, In view of the sbove the United States Fish
and Wildlife Service recommended

ae That ne beach £ill be obtainsd from the off-beach
area lying between Hills Beach and the scuth jetty.

_ be That the meuth of the Sace River be given firsh -
consideration ag a soures of beach £ill and that The Pool be given
sacond consideration.

The complete report of the United States Fish and Wildlife Service
is included in Appsrdix F.



22. At a meeting held at Biddeford, Maine on 31 May 1961,
the Mayor of Biddeford and a number of officials and residents of
Hills Beach expressed strong dissatisfaction with the findings of
the study. Local interssts desired Federal asgistance for the
congtruction of protective works. The deverioration of the south
Saco River jetty was blamed for the erosion of Hills Beach and
local people felit that the Federal governmsnt was responsible and
should therefore repair and raige the jetty. Written comments
were requested from the coopsrabting agency but nons were furnished.

PART V = CONCLUSIONS AND RECOMMENDATIONS

23, Conclusions. - The Division Enginésr concludes that
widening approximately 5,400 fest of bsach adjacent to and southe
aast of the existing Saco River scuth jetty to a 125-fool width
by direct placement of sand fill, and raising 700 faet of the
inshore end of the jetty, all as shown on Plate 6, is & practi-
cable method for protecting awd restoring Hills Beach. Supplew
mental protection within the £iil area can be providad, if needed,
by construction of sea walls, bulkheads cor wrevetmenbs in front of
buildings or roads,

2h. An alternative method of protection for individual
properties instead of the beach widening and jetty raising, con-
siste of construction of stons revebtments in front of existing
sea walls or bluffs. Details of iypical revetments are shown on
Plate 6, '

25, Protection against overtopping of the shore road in low
areas can be provided by reconstructing the road on an enbankment
and protecting the embankment with riprap revetmsni.

_ 26, The shore, southeast of the fill arsa can be protected
by placement of riprap revetment aleong the vos of bulkheads or
along the edge of the shors road. .

27, Dus %o the private cwnsrship of the shore amd the lack
of public benefits as required by Public Law 826, 8ith.Congress,
Hills Beach is not eligible for Federal assistance in the cone
struction of proteciive works.

28, It is probable that the high cost of comstruction of
adequate protective works may be a detarrent to their construction
by local interests. It may be possible for the United States to
provide some assistance for protection of Hills Beach in connection
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with future maintenance of ths existing Federsl navigation pro=
Jjects at Saco River and the Pool at Biddeford by disposal along
the shore of the beach of sandy material dredged from the channels.
Maintenance of the Saco River entrance channel by making the south
Jetty sand tight or raising its inshore end, should navigational
use require it, would also serve Lo protect the beach,

29, Additional information on recommended and alharna‘hiira _
projects called for by Resclution 1h8, 85th Congress, lst Session
adopted 28 January 1958 is conbained in Appendix G to this report.

30, Recommendationg, ~ It is recommended that no projech be
adopted by the United States for the protection of the shore of
Hills Beach, Biddeford, Maime, It is further recommended that
protective measures which may be underbtaken by local interests,
based upon their determination of economic justificabicn be accome.
plished in accordance with plans and msthods considered in this
raport.

Incl SEYMOUR A. POTTER, JR.
7 Appendices Brigadier General, USA
6 Plates Division Engineer



-APPENDIX 4

SAMPIES OF BEACH AND NEARSHORE MATERIAL

- Samples of surface beach and nearshore material wers obtained
on Profiles 3, 6 and 9. Iocations of profiles are shown on Plate 1,
Underwater samples were obtained with a small clamshell bucket known
as a Potterson dredge. Samples wers obtained from the duns, berm,
mid-tide, low water and 6-foot depth zones of the beach and nearshore
ares. A mechanical analysis was made of each sample and the results
are included in the following tablei, Information tabulated includes
cumilative weight percentages retalfied on the various sisves and
median dismeters for each sample and for the averages of all samples
on each profile, Sorting and skewness coefficients are alsc listed
for individual samples, Information on samples of beach and nearshore
material at Baco Beach was obtained during a prior beach erosion
control study of Saco Beach and it has been printed in House Document
Nos 32, 85th Congress, lst Session. -

Jane
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Sieve Analysis '

NOTE: + Estimated

A-2

U.S. Standard 1 E - : Yedian _
Sieve No. i 3/ 1/en 3/8n /TR 8 [ 10 20 ] 40 70 80 | 100 200 |PAN |Diam. Sorting | Skewness
Diameter . ; | mn Coefficient|Coefficient
in mm 25,11 19,101 12,701 9.52 | 6,35 L.76 | 2.38 2.00] 0.8k 0.h2 | 0,210{0.177 0.1L9i 0,07
locations Cunulative Weight Fercentage Betained
. Profile #3 1 _
Dune i T 0.0, 0.6 | Sh.k 98.8 99.7 : 100 [100 |0.L5 1.31 0 Th
Berm 0.0 1 1.3 | 62.h] 9%.h 100 100|100 |0.L5 1,1l 1.03
Mid Tide ! | 0.0 0.6 | 3.2 | 23.6] 767 95.2 1 98.4 {100 [0.26 . 1.1 1.30
Low Water ' | 0.0| 1.2 {22.3 | 545 66.8 79.7 |  9L.9 1100 1047 2.37 0.60
Totals 0.0] 1e8 :27.h [19he9 1307 | Bke6 3833 —
Average i 0,0 9!____4__7__.;9__ ha.? 85_.1-]._4 ____930? 98.3 100 Oo]-l-}._ I N DR
: Profile #6 ! . -
.:(. % .
Dune 0.0 | 8.2 | 23.3 | 30,9 | 37.0)L2.2. Shel P63 | 77.81 8948 192,01 92.3 1 95.1 {100 {2.6 5.10 0,78
Berm . ' 040 2i 1 9.1 | 6Ll 98.8199.51100 | 100 {100 io,L8 1.19 1,13
%d Tlge 0-0 0-7 101& 39-11 95-? 9205 9900 99-? 100 0.39 1‘17 1000
o Hater 0.0 | 3.3 { 37.9]65.3§75.0{88.8 | 99.2 {100 [0.28 1.87 1.30
Depth : 0.0 2.2 1420 | 97.8] 99,6199.91300 i 100 }100 lo.7h 1.06 | 1.17
totals 0.0 | 8.2 | 23,3 | 30.9 i 37.0] k2. 59k 1119.61317.8 ih9.2 [163.9 1 80,1}  151.0]500.4L.Lg '
Average 0,0 | 1.7 L.7 6.3 7.51.8.51 12,0 { 24,21 64,31 90.9 93,9 97,21 100 1100 10,90 1 " i
‘ Profile ﬁ9 ek B = ._--..-':'x_:. EREN .-...-.,.-..-_._......’, TR T D et =
Dune T0.0° Oy 13700197k ] 99.6f 100 1100 [0.35 1.39 1.04
Berm * 0,0 11,1191 1 " 1 99.2f 99.7 1100 |0.26 1.23 111
Mid Tide 0,0 1 0,9 1.11.8 h,2 113,5 j 34,7! 82,0 96ad|  99.h 1100 10,31 1.50 1 1,27 _
Totals 0.0 009 19_1]. 108 - 7_0‘“2‘__ 13.'2_“_ _‘_8__2’_2 270, .. "295-5 299.1 300 0.9”2‘_’_ . AU RO -
Average 0.0 1 0,30 | - 0.LA 0,60 [~ 1AL+ L6 | 27,8590 [ 17 98,8] 3060 "[160 [0, 3L 1 T ]
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- APPENDIX B

PREVATLING WINDS AND STORMS

l. Prevailing Winds. - United Btates Weather Bureaun
records are available from the weather station at Portland,
Maine approximately 16 miles north of the study area, A wind
diagram was prepared based on hourly observations of wind speed
and direction and it is shown on Plate 1, It shows a high
praponderance .of duration for westerly winds and the longest

"duration from the west direction and the northwast quadrant.

Winds from all easterly dirsctions which generate waves which

affect the study area occurrsed about one~third of ths time.

The duration of eagterly winds was greatest from the north
notheast direction and the northeast quadrant,

2, . Storm Winds, ~ A summary of the number of storms colim
piled from records of the United States Weather Bureau at Boston,
Magsachusetis, covering the 7S5-year period 1870-1945, inclusive,
is given in the following table. '

Storms (1870~1945, inclusive)
e & SE S oW W W Total

i
No. of storms 3 80 9 1, 12 15 13 1 160
Percent of total 2 50 & 9 7 9 8 9 100

The above shorms represent major disturbances accompanied by
high wind speeds of long duration. Clagsification of direction
of each storm was made in accordance with the predominant direc-
tion of wind, Variations in dirsction during storms are not
accountad for. From the above, it is apparent that there has
been a high preponderance of severe northeast sborms. '



3+ A tabulation showing the duration of winds, their direce
tion and speeds compiled from United States Weather Bureau records
for Portland is shown below.

Wind Speeds and Directions (October 19k9 - September 1959 Inclusive)

Portland, Maine

Nunber of Hours

Wind O=3 4=7 0Oei2 13 2l 25-31 32-38 35-
Speed _
MaFPHa
Direce . _ _
tion : ,
Lo 2,341 2,788 1,745 383 74 31 L -~ 7,807
w v mug e Mof 0o g
NE Y. - -
ENE 118 639  8L9 %73 - gé 31 2 - 23039
E 159 801 1,233 802 177 77 27 10 L4 3,29
ESE 159 689 8Lo LS9 78 h - = 2,256
CSE 157 646 837 296 50 16 503 = 1,700
SSE 175 763 1,23k 873 138 74 29 .9 1 . 3,296
S 320 1,596 2,543 2,197 378 83 5 L . / 7,123
SSW 356 2,130 2,486 1,265 15¢ 22 - - = b,l05
'sw LB7 2,402 2,096 799 73 15 2 = = 5,84
WOW 528 2,650 2,254 1,300 319 96 A1 . 1 - 7,159
W TSh 3,271 2,282 1,225 340 124, 1 - - 1 8,007
WNW 663 2,92h 2,176 1,152 300 68 5 - = 7,388
W 631 2,659 2,036 1,309 257 51 5 1 - 6,949
N k62 2,053 2,021 1,522 281 L3 2 - 6,384

Winds of gale force (39 miles per hour or higher) occurred predomie
nantly from easterly'directions with the predominance greater from
the east dirsciion and the southeast quadrant, while winds of lesser
intensity predominantly blow offshore from the wesberly directions.
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APPENDIX C

TIDES AND CURRENTS

1. Tides. = The tides are semidiurnal, The mean and spring
tidal ranges at Wood Island Harbor are 8.7 and 9.9 feet respectively.
The highest estimated tide in this location was 13.5 feet above msan
low water and the highest observed tide at Portland Harbor was 13.2
feets A comparison of 65 high waters observed at Biddeford Pool
was made with corresponding high waters at Portland, Maine. The
comparison showed that variations from mean heights wers the sams
at both locations 27 times, and they differed by 0.1 foot 19 times,
by 0.2 foot 1l times and by 0.3 feet 5 times, This close agreement
indlcates that variations from the mesan at Portiand are similar to
those in the study area., The frequencies of occurence of tides
which exceeded the mean height by 1 foot or more was determined
from continuous tidal observations for the 19 year period 1912
thﬁugh 1930 at Portland, Mains and they are shown in the following
'ba S

Fraequency of Occurence of Tides Exceeding
Moan High Water at Portland, Maine (1912-1930)

Foet in Average ANNUAL Teoet in Average Anmusl
Excess Number of Excess Number . ‘
Of M.HeWs Occurrenceg# of MoHoW, of Occurrencss

3e ’ 242 l103

3.5 ol ‘ 2ol TS

3.l o3 2.0 18.5

363 03 1.9 “2ka7

3’2 Oh 108 2908

3.1 o7 1.7 36,8

300 100 . laé ’.],306

269 1.3 1.8 51.8

248 15 L.l 6l.1

2.7 20l 1.3 2.9

2.6 248 1.2 85.2

2.5 Lol Lol 100.0

2.4 5e? 1.0 11660

243 8oy

- % Average number of timss the tide equalled or exceeded the given

height.,
Gl



- 2o Currents. ~ Maximum tidal currents along the Maine coast
- £flood in & northerly dirsction and ebb in a southerly direction,
The average wvelocilty of thess maximum currents are 0,3 knol accorde
ing to ¥Tidal Current Tablés, 1961, Atlantic Coast of Norih America®
igsusd by the United States Coast and Geodetic Survey. No informae
- tlon ig available concerning tidal currents at Hills Beache Tidal
" gurrents flood in a southwestward direction into the Biddeford Pool

inlet at the south end of Hills Beach and ebb in a northeastward

direction, Tidal currents flood in a westward direction and ebb in

an eagtward direction at the Saco River inlet at ths north end of
‘Hills Beach. During the higher stages of sach tide, cwrrents flow
over the top of the Saco River south Jetty. Inlet tidal currents
may have some effect on the movement of littoral material along
Hills Beach but the principal movement of material results from
dttoral currents gensratad by breaking waves, - ‘
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APPENDIX D N
SAGO RIVER JETTIES

ls Two stone Jjetties have been constructed at the mouth of
the Saco River for maintenance and improvement of the nawvigation
channel. The jebties were authorized by the River and Harbor:Acts
of 1866, 1890, 1910, 1925 and 1935, The north jJeity, described as
the breskwater in the navigabion projiect, was begun in June 1867
- and was completed %o a length of 2,550 feet with a top elevation
of aboub 9 feet above mean low water on July 1868. The jetty was
extended to a length of 4,000 feet by October 1868 and to 1,200 .
feet by Novembsr 1869 but with less than the full height and thick-
ness. Construction was continued completing the Jetty to its full
cross section in June 1873, Work was commenced on May 1885 on
raiging the top elevation of the jatty from 9 to-15 feet sbove
moan low water. Work was done from the seaward end towards the
shore completing tha outer 510 feet by September 1885, the outer
710 feet by June 1887, the outer 1,310 feet by October 1887, the
outer 2,100 feet by Juns 1890, the oubter 2,320 feset by Jume 1891,
the ouber 3,480 feet by Novenmber 1895 and the entire 4,200 feet by
Decorber 1897, The north jetty was repaired in 1912 and a riprsp
gpur dike about LOO feet long was built extending northward from
it generally parallel to and aboub 50 to 100 feet seaward of the
high water shors line. The spur was constructed %o protect against
flanking of the imner end of the north jetby during storms. The
elovations of the top of the spur ranged from 8.6 feet above mean
low water at the north jetty to sbout 3.0 feet at its outer end.
The north jetty was extended seaward 1,600 feet from 1928 to 1930
and an additional 830 feet from 1937 to 1938, both extensions to
a top elevation of 5.5 faet completing the jetty to its present
length of approximately 5,800 feet. The immer 4,200 feet of the
horth jobty was bullt to a top width of 12 feet, 2 gide slops of
“le7 to 1 on its north side and 1 on 1 on the river side. The 1930
and 1938 seaward exbensions were built with top widths of 10 and
8 feet, respectively, and side siopes on both the north and river
sideg of 1 on 1,

2e Repairs wers completed %o the inshore end of the north
Jetty in June 1958 commeecting it to high ground to impound littoral
drift for proteciion of the adjoining beach in accordance with
recommendations in the cooperative beach erogion control report
on Sace, Maine, dated 5 Octobsr 1955 printed in House Document No,
32, 85th Congress, lst Session. Visual inspection of the area
gince the 1958 repairs indicates that beach material has been
impounded by the jatty.

D=1,



‘3s Congtruction of the south jetty was gtarted in April 1891
and it was worked on during each following fiscal year to June 1894
axtending it by stages to a length of 4,500 feet. Low places were
repaired in 1895 and 1900, & 600 foot seaward extension was added
- during 1911 and 1912 completing the jebly to its present length of
5,100 feet, Repalrs were made to beacons and the jatty in 1912,
1913, 1928, 1930 and 1931 The authorized Federal project provided
for a top elevation of 5.5 feet, top width of 10 feet and side
-glopes of 1 on 1, -Biddeford residenits c¢laim that the south Jetbty
wag bullt higher to sbovs high water and that due to its subsidence,
arcgion of Hills Beach has ocewrred. . Records of as~bullt conditions
are not available to show the axact heights after completion of
construction, o . '

D=2



APFENDIX E
DESIGN ANALYSIS

1, QGeneral. The raiging of the inshors end of the south
Jjetty and the riprap revetment were designed for the maximum wave
height expscted to occur at the site using a tide elsvation which
occurs on an average once a year. The design wave height was
computed using the solitary wave formula &/H = 1,28 where d is
the depth of water at breaking and H iz the wave height., The
computed wave height for the Jetty was modified based on experience
and judgment to taks inbo account the shaltering sffsct of islands,
shoals and jetties and the prebabla effects of refraction, diffrac-
tion and the oblinuity of wawve approach. Sizes and glopes of armor
stones were computed uzing the United States Army Walerways Experiw
mant Station Formuila

Xr H3

W = K (Sr-d Voot o

where Wr iz the weight of awmor stons

X r is the specific weight of armor stone in pounds
par cubic foob

Ka is a dimensionless experimental cosfficient

HA is the design wave height

Sr is the specific gravity of the armor unit relative to

ater i.:s,which the gtructure iz locabed aqual to

r/0w where 0 w iz the specific weight of the water in
povnds pexr cuble food

X is the angle of the breakwabter slops

2e Dasgign Wave. The deszign tide ls 11,7 fest above mean low
water. The bottom elevation at the jeibdy is 1.5 fest above mean
low water. Assuming breaking at the gtructure, the dep’cta of bresking,
d, is thersfore 1l0.Z2 feule

From :dn = 132&
H

the maximum wave height H = 30e2 Ta?7 foetb
128

A smaller wave height, 7.0 feeb, was sslscted for degign purposes
since gome reduction in wave height cccurs abt thig aibe Lrom
sheltering effects, wave refracticn, diffraction and cbligulty of
wave approach, Breaking of waves atbacking the riprap revetment
was assumed to occur in the viciniity of the high water lina in a

Bl



water depth of 3 feet at time of design tide. Therefore
" o for the revebment.
H T:%E = 2, fook

3. Stone Sizes. The size of armor stones from the WES
formula was compubed using

§r = 165
$w = 6l
H = 7.0 for the jetty and 2.l for the revetment
KA= 206
ST’ o 2_% 15 2058

cot™A= 1.5

from which Wy = 3,680 pounds for the jebity and 348 pounds for the
revetment, Armor stone sizes of 3,500 to L,000 pounds for the
jetty and LOO to 1,000 pounds for ths revetment with side slopes
of 1 vertical to 1.5 horizonbtal are therefore considersd satise
factory. Size of core stons for the jetty to make a sand tight
structure and prevent loss of core bthrough the voids of the armor
gtone was bagsed on use of gstone l/lOth of the weight of the armor.
Since larger stonss than this alresdy exist in the jetty, it was
impractical to adhere rigidly to the design criteria specifying
successive reduction of stone sizes in layers under the armor.
Use of core material consisting of quarry run stone of assorted
sizes up to LOO pounds {1/10%h of L,000) with not less than 50
percent between 350 and LOO pounds is considered to be a satise
factory compromise for the Jetty core. Successive layers under
the revetment were based on reduction of 1/10th and 1/200th of
the weight of the armor with a thickness of layers of not less
than two stone dlameters. A bedding layer under the armox .of
quarried stonss, LO to 100 pounds (1/10th of 40O and 1,000) and
a thickness of two fest and a filter layer under the bedding of
unscreenad crushed cor gquarried stone of assorted sizes up to

i incheg in a l-foot layar were determined to be satisfactory.

E=2



APPENDIX ¥
REPORT OF THE UNITED STATES FISH AND WIIDLIFE SERVICE

_UNITED STATES NORTHEAST REGION

‘ (reEGION 5)
DEPARTMENT OF THE INTERIOR MAINE
FISH AND WILDLIFE SERVICE NEW HAMPSHIRE
forck 3 ® BUREAU OF SPORT FISHERIES AND WILDLIFE NEW YORK
ADDRESS ONLY THE 59 TEMPLE PLACE VERMONT
REGIONAL DIRECTOR BOSTON MASSACHUSETTS ‘ PENNSYLVANIA
' MASSACHUSETTS

NEW JERSEY
RHODE 1SLAND
DELAWARE
CONNECTICUT
WEST VIRGINIA

June 6, 1961

Division Engineer

New England Division

U. S. Army Corps of Engineers
424 Trapelo Road

Waltham 54, Massachusetts

Dear Sir-

Reference is made to your letter of Aprll 6, 1961 in which ..
you request comments from our Bureau relative to the probable
effects the proposed Hills Beach, Biddeford, Maine beach
erosion control improvement might have on the fish and wild-
life resources, Thig letter constitutes our conservation

- and development report on the project and has been prepared
in cooperation with the Maine Departments of Inland Fisheries
and Game and Sea and Shore Fisheries and the Bureau of
Commercial Fisheries and has their concurrence.

The plan as proposed for protection and improvement of Hills
Beach would consist of widening approximately 5,400 feet of
beach adjecent to and southeast of the existing Saco River .
south jetty to a 125-foot width by direct placement of sand
£filly, reconstruct 830 feet of the inshore end of the jetty
and construct a 300-foot groin in the vicinity of the Basket.
Island tombolo. Possible areas from which sand fill could
be obtained include "The Pool™ behind the beach, offshore
in front of the beach, and the mouth of the Saco Rlver. The .
£ill would be obtalned by hydraullc dredging. It is understood
that if dredging is accomplished in The Pool it would. be done
to a depth of about 6 feet below mean low water over an area
of about 10 acres. 1t is also understood that a portion of
The Pool inside the Wood Island Harbor inlet was dredged in
‘ recent years.



There are important wildlife values associated with this
project. The large triangular area formed by the Saco-
River south jetty, Hills Beach and Stage Isgland is an

~ important waterfowl area. The shoalgé and flats provide
excellent feeding habitat for waterfowl, somewhat protected
by the jetty, beach and to some degree by the islands.
Waterfowl are frequently observed feeding in the lee of the
jetty and the islands. Significant use is made of this
area for winter feeding purposes. Particularly heavy use is
made of this area during migration perlods. Waterfowl are
hunted from the jetty and islends.

The ldarge enclosed area immediately behind Hills Beach, known
as "The Pool", alsc receives some waterfowl use but this is
not a significantly important area. The mouth of the Saco
River is not important from a waterfowl standpoint. -

Soft shell clams exist throughout most of the area of possible
dredglng. Within The Pool the greatest concentration is found
in the southern portlon, an area not expected to be affected
by the proposed project Because of the heavily polluted
condition of this entire area clamming has been prohibited

for about 15 years.

The actual placement of fill on the beach, groin construction,
and reconstruction of 830 feet of the inshore end of the ex-
isting south jetty would have no significant effect on the
fish and wildlife resources. However, the area ultlmately
selected as a source of beach fill is of concern to this
Bureau. The area lying between Hills Beach and the south
jetty is, as has been pointed out, a 31gn1f1cantly important
waterfowl area from which we would object to spoil being
taken. The Pool and the mouth of the Saco River are areas of
less concern to us and from which we would have no objections
to your obtaining f£ill for the beach erosion project.

In view of the above it is recommended -

:1, Thét no beach fill be cbtained from the off-beach area
lying between Hills Beach and the south jetty.

2, That the mouth of the Saco River be given first consider-
. ation as a source of beach fill and that The Pool be given
second consideration.

Should there be any significant changes in the plans for this
project we would apprec1ate being notified so that a new report

. can be prepared.

The opportunity to report on this project is appreciated.

cerely Aours

LY

E. W. Bafley, Actin
Regional Director .

F=?2



APFENDIX G

BEACH EROSION CONTROYL REPORT ON COOPERATIVE 3TUDY OF
: HILIS BEACH, BIDDEFORD, MAINE

_ INFORMATION CALIED FOR BY SENATE RESOLUTION 148
T BoTH CONGRESS, ADOPTED 28 JANUARY '1‘?8":9 2

1, Beach Erosion Problems. The study covers the shore of
Hills Beach, Biddeford, Maine between the south jetty at the

. Saco River entrance and the entrance to The Pool at Biddeford.

The problem congigts of erosion and loss of the sandy beach with
consequent exposure of bluffs, sea walls, shore road, cotbagss
and residences to damages from wave attacke The beach is exposed
to wave atback from the northeast and east across the Atlantic
Ocean and the Gulf of Maine. The mean rangs of tide is 8.7 feat
and the Spring range is 9.9 feet, The maximum height of +ide,
observed at Portland, was lie3 faet above the plane of mean high
water,

2. Improvements Considered. Plans were considered for
protection of the beach as described below:

a. Widening approximabely 5,400 feat of beach adjacent
to and southsast of the existing Saco River south jetly to a
125~foot width by direct placement -of sand £ill and raising 700
feet of the inghore end of the jathy.

b. Construction of stone revetmenis in front o.f' axigte
ing sea walls or bluffs as an alternative method of proteciion
instead of the beach widening and jetty raising.

3e Conclusion and Recommerdaticns. Due o the private

ownership of the shore and the lack of public benefits as ree

quired by Public Law 826, 8Lith Congress, Hills Beach is nob
eligible for Pederal assistance in the construction of protece=
tive works. It was therefore recommended that no project be
adopted by the United States for the protection of Hills Beach,
It was further recommended that protective measures which may
be undertaken by local inbterests, based upon their determination

G-l



 of economic justification be accomplished in accordance with plans
and methods considered in the repori. Estimated first costs of
considered improvemenits, all non-Federal, are ligted below:

rovemsnt Estimated First Cost

Beach Widening and $560,000
Jetty Raising _ 7

Alternative Protection = $29,00 per linsar foot
Stone Revetment at Seawalls

Alternative Protection - $.7.00 per linsar foot
Stong Revetment at Bluffs '

he Discugsgions The economic justification for construction
of the considered projects has not been determinsd. Benafits were
not evalvated sgince benefits to be derived are prineipally private
and not of a typs to make the improvements eligible for Federal
aid under existing Federal policy. Changing the economic lifs
of the projects would not change the findings of the study insofar
as they pertain to eligibility for Federal aid.
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